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Abstract: The most common method used to describe earthquake activity is based on the changes in physical parameters of 
the earth’s surface such as displacement of active fault and seismic wave. However, such approach is not successful in 
forecasting the movement behaviors of faults. In the present study, a new mechanical model of fault activity, considering the 
shear strength on the fault plane and the influence of the resistance force, is established based on the occurrence condition of 
earthquake. A remote real-time monitoring system is correspondingly developed to obtain the changes in mechanical 
components within fault. Taking into consideration the local geological conditions and the history of fault activity in 
Zhangjiakou of China, an active fault exposed in the region of Zhangjiakou is selected to be directly monitored by the 
real-time monitoring technique. A thorough investigation on local fault structures results in the selection of two suitable sites 
for monitoring potential active tectonic movements of Zhangjiakou fault. Two monitoring curves of shear strength, recorded 
during a monitoring period of 6 months, turn out to be steady, which indicates that the potential seismic activities hardly occur 
in the adjacent region in the near future. This monitoring technique can be used for early-warning prediction of the movement 
of active fault, and can help to further gain an insight into the interaction between fault activity and relevant mechanisms. 
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1  Introduction 
 
Earthquake prediction is usually defined as the 
specification of time, location and magnitude of a 
future earthquake within stated limits. Earthquake 
prediction has been conducted for over 100 years with 
dramatic changes from the opinion that “earthquake 
cannot be predicted” [1] to “a seismic shift in thinking” 
[2]. 
Up to now, researchers have explored earthquake 
forecast with perseverance. Earthquake precursory 
information was extracted from the observations of 
anomaly in terms of groundwater, animal behavior and 
satellite thermal infrared images [3, 4]. Also, the 
monitoring methods of active faults included 
displacement monitoring, global positioning system 
(GPS) and interferometric synthetic aperture radar 
(InSAR) technique in surface rupture monitoring [5]. 
For example, an active fault exposed in the region of 
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Gulf of Corinth was selected to be directly monitored 
in terms of fault displacements with a 3D Moire 
extensometer (gauge TM71) [6]. Zhang et al. [7] 
determined the fault slip distribution of Chi-Chi 
earthquake in Taiwan with the observed GPS 
coseismic displacements as well as InSAR data. Lu et 
al. [8] extracted the thermal infrared temperature 
anomaly that occurred along the Zhangjiakou—Bohai 
Sea fault zone 13 days before the earthquake.  
Although the techniques mentioned above have 
allowed substantial improvements in monitoring and 
early-warning prediction for fault movement in recent 
years, claims of breakthroughs have failed to withstand 
scrutiny and extensive researches have failed to find 
reliable precursors [9, 10]. One of the most serious 
problems is that the displacement/deformation of 
active faults is only the necessary condition, but not 
the sufficient one for the occurrence of earthquake. In 
fact, we cannot determine whether or not an 
earthquake will happen when the deformation and 
rupture of the fault plane appear. It is therefore difficult 
to forecast earthquake using conventional monitoring 
equipment.  
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Earthquake is caused by energy release during a 
rapid slippage along a fault, while the behaviors of the 
fault are controlled by relative motion of rocks on 
either side of the fault plane. Once the cumulative 
shear strength on the fault plane eventually exceeds the 
static-friction determined by the combination of 
normal stress on the fault plane and frictional factor, 
the slide process between the fault plane can occur and 
correspondingly triggers an earthquake [11]. There is 
no doubt that the tectonic stresses existing in the crust 
are hard to be quantitatively measured at present. 
However, the mechanical behaviors of an active fault, 
involving the strength change and fault movement, can 
be described from the viewpoint of physics. In the 
present work, we manage to obtain the change in shear 
force within the fault by introducing a mechanical 
device into an active fault to measure such behaviors. 
This can help to further understand the mechanisms of 
earthquake occurrence, and thus to provide a new 
technology for forecasting the fault movement.  
We infer that the essence of earthquakes lies in the 
competition between the shear strength and the 
resistance, and the latter can be calculated along the 
fault plane. Therefore, only shear strength parameters 
between the two opposite surfaces of the fault can be 
regarded as the necessary and sufficient condition to 
determine the fault movement. Earthquake would take 
place when the shear strength of the fault exceeds the 
shear resistance (resistance force) on the potential fault. 
The fault would remain relatively stable when the 
shear strength is less than the shear resistance. It 
implies that the key point of earthquake forecast is to 
understand the dynamic state of shear strength 
compared with shear resistance in advance. 
Considering the shortcoming of direct monitoring of 
the fault displacement, we manage to establish a new 
remote real-time monitoring system for active faults. 
 
2  Basic principle of remote real-time 
monitoring of active faults 
 
Based on the concept that the shear strength of a 
fault greater than the resistance force is the necessary 
and sufficient condition for earthquake occurrence, the 
new mechanism of remote real-time monitoring for 
active fault is presented, and the functional relationship 
between the artificial mechanical quantity and the 
natural sliding force is derived. By analyzing the 
failure mechanisms of different faults, we propose that 
the equilibrium relationship between the shear strength 
and the resistance force on a potential fault largely 
depends on the following influence factors: lithology, 
tectonics, displacement, water-level fluctuation and 
other factors that may affect the stability of faults. 
Therefore, the shear strength is the most suitable 
parameter to reflect the kinematical characteristics and 
the state variables. However, the shear strength of the 
fault, which belongs to the natural mechanical system, 
is directly immeasurable, so it is very important to 
determine how to measure this key parameter. We 
discover that the artificial mechanical system can be 
measured easily, and it can be inserted into the natural 
mechanical system, which makes up a new complex 
system. Accordingly, the shear strength can be 
calculated using measured artificial mechanical system. 
The monitoring mechanism is presented in Fig.1, 
where ( 1,  2,  , )iF i n   is the natural mechanical 
quantity; and 1 2 3,  ,  P P P  and 4P  are the artificial 
mechanical quantities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Monitoring mechanism. 
 
Based on the monitoring principle (i.e. the shear 
strength of a fault greater than the resistance force is 
the necessary and sufficient condition for earthquake 
occurrence) of the active faults, the artificial 
mechanical quantity (called perturbation force) is 
introduced into the natural mechanical system 
(composed of gravity, shear strength, shear resistance 
and pore water pressure) and integrated into a new 
measurable complex system. 
  On the basis of limit equilibrium theory, the 
functional relationship between the artificial 
mechanical quantity and the natural mechanical 
quantity is established. 
For a given mechanical model (Fig.2), the horizontal 
and vertical components of the shear force and the  
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Fig.2 Model of shear force and perturbation force. 
 
perturbation force can be described as follows: 
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where P is the shear force; M is the perturbation force, 
i.e. the monitoring data;  is the angle between the 
horizontal plane and the monitoring cable;  is the 
angle between the fault plane and the horizontal plane.  
When the resultant force in the horizontal direction 
is zero, the fault is in limit equilibrium state, and the 
tangential forces on the fault plane satisfy the 
following equilibrium relationship: 
0
( ) tan
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y y
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P M c
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                      (2) 
where  is the weighted average of internal friction 
angle of each soil column of faults. 
Then, the remote monitoring mechanical model of 
fault activity can be established as follows: 
1 2P k M k                                (3a) 
1 2
cos sin tan ,
cos sin tan cos sin tan
ck k       
     (3b) 
 
3  The laboratory simulation of fault 
activity during earthquake 
 
Based on the above principles, a model device for 
simulation of fault activity during earthquake was 
designed in laboratory, referring to the regional 
geological structure of Wenchuan in China. It allows 
for real-time monitoring and early-warning of the 
changing characteristics of the shear strength on a fault 
plane. The device (Fig.3) includes loading unit, sensor,  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 The mechanical simulation system of Wenchuan 
earthquake. 
 
data-transmission system and data display terminal 
unit. 
Four sets of detection-transmission devices for 
collecting the change in strength on the active fault 
were respectively placed into the model fault plane. 
The obtained results are shown in Fig.4. Obviously, the 
curves of shear force on the fault plane can be 
characterized by four stages:  
(1) Stable stage I. The monitoring curve is an 
approximate straight line with a small change, which 
indicates that the fault remains relatively stable and no 
earthquake will take place in the near future.  
(2) Pre-seismic stage II. The monitoring curve 
begins to noticeably fluctuate, which not only indicates 
that the fault starts to become active, but also can be 
considered as an earthquake precursor.  
(3) Co-seismic stage III. The monitoring curve is 
undergoing a sharp change, and consequently induces 
some violent vibrations of faults.  
(4) Post-seismic stage IV. The monitoring curve 
returns to be stable gradually, possibly with some 
variations indicating aftershocks. There is an 
approximate agreement between the actual earthquake 
and the simulation experiment in terms of fluctuation 
of shear strength on the fault plane. 
Earthquake processes, from meter-scale model fault 
movement to kilometer-scale earthquake rupture, 
generate a series of redistribution of stresses during 
fault activity. Therefore, the magnitude of simulated 
earthquakes needs a further study. However, the time 
and place of future earthquakes can be predicted in the 
laboratory theoretically. Although somewhat simplistic, 
our laboratory data confirm that the analysis of the 
relationship between monitoring force and actual 
earthquake force can provide a new method for 
earthquake forecast.  
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Fig.4 Monitoring curves of shear forces on the fault plane.
 
4  Working principle of seismic 
resistance  
 
In this context, a new type of cable — large 
deformation monitoring cable was developed and 
employed in seismic monitoring fields. The working 
principle of the monitoring warning equipment is 
shown in Fig.5. It can be found that along the fault, 
the large deformation equipment transforms from a 
stable state into a large deformation state, and absorbs 
large quantities of energies to prevent the monitoring 
cable from being destroyed. The schematic diagrams 
before, during and after earthquake are presented. 
 
 
(a) Before earthquake. 
  
 
(b) During earthquake. 
 
 
 
(c) After earthquake. 
Fig.5 Working principle of seismic resistance. 
 
5  Design principle of monitoring 
point 
 
According to the relative motion of the two surfaces 
of a fault, faults can be divided into normal fault, 
reverse fault, strike-slip fault and compound fault. For 
a normal fault, its hanging wall moves relatively down 
with respect to the footwall along the fault plane, and 
its inclination is generally above 45 and mostly about 
60. According to the analysis of historical 
seismogenic fault characteristic, it is found that a 
normal fault does not easily induce earthquake, so we 
do not usually consider normal fault during 
seismogenic faults monitoring. For a reverse fault, its 
hanging wall moves relatively upward with respect to 
the footwall along the fault plane, and usually 
generates a large displacement. The character of the 
strike-slip fault is that its two fault walls slip relatively 
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along fault strike, and its attitude is steep and even 
upright. 
According to the relative motion characteristics, 
there are some differences in remote monitoring design 
program for active faults. 
(1) Reverse fault monitoring. Monitoring anchors 
pass through the fault plane and are fixed in a 
relatively stable footwall rock, while their top ends are 
installed on hanging wall plane (Fig.6). 
 
 
Fig.6 Reverse fault monitoring point design. 
 
(2) Strike-slip fault monitoring. To improve the 
sensitivity of monitoring equipment, the anchors 
should intersect the fault plane at small angles (0 <  
 < 25, see Fig.7). 
 
Fig.7 Strike-slip fault monitoring point design. 
 
(3) Compound fault monitoring of strike-slip and 
reverse faults. Monitoring anchors pass across the fault 
plane and are fixed in a relatively stable footwall rock, 
while their top ends are installed on the hanging wall. 
In addition, the anchors should intersect with fault 
plane at small angles (0 <  < 25, see Fig.8). 
 
6  Monitoring equipment 
 
The Research Center of Geotechnical Engineering, 
China University of Mining and Technology (Beijing) 
has set up a monitoring system called “the fault 
activity remote real-time monitoring system (FRMS)” 
based on stress sensing equipment and global system 
for mobile communications (GSM) network. 
 
Fig.8 Monitoring point design of compound fault of reverse and 
strike-slip faults.  
 
The fault activity remote real-time perturbation 
monitoring system is a new system with perturbation 
added, which is composed of intelligent sensing- 
acquisition-transmission system installed in field, and 
intelligent receiving-analyzing terminal system placed 
indoor [12].  
6.1 Data sensing-acquisition-transmission system 
Figure 9 presents a prototype of the intelligent data 
sensing-acquisition-transmission system, which is 
composed of mechanical sensing equipment and 
mechanical signal acquisition-transmission equipment. 
 
 
 
 
 
 
 
 
 
 
Fig.9 Working principle of data sensing-acquisition- 
transmission system. 
   
The mechanical sensing equipment is composed of 
communication cable and stress sensors. The stress 
sensors settled at the end of the communication cable 
are used for measurement and sensing. The cable must 
be designed to satisfy the following characteristics: 
high strength, low relaxation and high anticorrosion 
capacity [13], to acquire precise monitoring anchor 
data and improve the service life of anchors. Before 
the arrangement of the communication cable, it is 
important to gather detailed geological investigation 
data (including the geological section and the 
physico-mechanical parameters) near the monitoring 
lines to ensure that the communication cable can be 
installed through the fault plane, and anchored in the 
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hanging wall and footwall. 
The signal acquisition-transmission equipment is the 
heart of the system. This equipment is composed of 
data acquisition module, data storage module, data 
transmission module, power management module, 
subscriber identity module slot, battery and radio 
antenna (Fig.10). 
 
 
 
 
 
 
 
 
 
 
 
Fig.10 Intelligent sensing-acquisition-transmission system.  
 
The working principle of this equipment is described 
as follows. Firstly, the returned signal is generated 
once the mechanical sensor is activated, and then it is 
transmitted to the single chip microcomputer (SCM). 
Secondly, the frequency of the signal is measured by 
SCM, and the results are stored in the random access 
memory (RAM). Finally, the average data are acquired 
from the RAM by the data transmission module, and 
then transmitted to the data processor terminal system 
by GSM network. 
  It is convenient to install the equipment in field 
because of its small size as well as dormant and 
automatic function. Solar batteries can be used to 
provide continuous power supply for the equipment in 
the region of sufficient solar illumination.  
6.2 Data receiving-analyzing terminal system 
  This terminal instrument is composed of signal 
receiver, signal processor and specific analysis 
software installed in computer (Fig.11). 
 
 
 
 
 
 
 
 
 
Fig.11 Data receiving-analyzing terminal system. 
Receiver and analysis software are designed to 
communicate with signal receive equipment and to 
ensure that the data derived from the stress sensors are 
stored in the database, and then it classifies and 
processes the information according to serial number 
of monitoring points, which is convenient for 
authorized user (AU) to inquire and search data. This 
program also provides a graphic display of the data 
recorded by the sensors in terms of graphs and tables, 
such as shear strength-time graph. 
The monitoring information of fault activity is 
published through the internet timely, and each AU can 
inquire, search and download the continuous 
information using authorized account and password. 
Given that the active fault information is strictly 
confidential, it cannot be accessed for the general 
public. In brief, continuous information from real-time 
monitoring provides a better understanding of fault 
dynamic behavior, enabling scientists to forecast and 
warn earthquake early and more effectively. 
 
7  Project case 
 
The Zhangjiakou fault, which has recently been 
proved that its latest active time is in late Quaternary, 
now threatens the whole Zhangjiakou and is hence 
subjected to detailed monitoring. As a result, a large 
number of data have been collected.  
7.1 Local geological conditions and site selection 
The Zhangjiakou fault, which controls a part of the 
northern boundary of Zhangjiakou—Xuanhua basin, is 
one of faults in the famous Zhangjiakou—Bohai Sea 
structural belts located in North China. Complex 
tectonic structure in the region, influenced by the 
NWW Zhangjiakou—Bohai Sea fault and NNE Shanxi 
basin, has been studied by many scientists for years. 
The Zhangjiakou fault starts from the west of 
Shuiguantai located in north of Wanquan Town, and 
extends southeastwards along the north of Wanquan—
Zhangjiakou road, passing through Wuduntai, 
Yongfengbao, Rentoushan and Qingbiankou, and ends 
at Dabaiyang area. Overall, the strike of the fault is 
310, trending southwest, and its dip angle is 60. The 
fault stretches over 45 km (Fig.12) 
Zhangjiakou and its vicinity，which are parts of 
Zhangjiakou—Xuanhua basin, belong to the North 
China platform in terms of tectonics. With a NW- 
NWW trending structure, the region was formed in the 
early Quaternary period and kept rifting during the 
middle and late Quaternary periods. In a larger region, 
a series of NE-NNE, NW and EW faults have developed. 
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Fig.12 Satellite image and fault distribution in Zhangjiakou 
region. 
 
Their characteristics are described as follows: (1) In 
the south of Shangyi—Chicheng fault, the active fault 
movement continued until late Pleistocene or Holocene; 
in the Shangyi—Chicheng fault and its northern area, 
the active fault movement stopped in Medio- 
Pleistocene. (2) Since the late Pleistocene, the active 
fault movement has predominantly distributed in the 
west of Zhangjiakou—Bohai Sea structural belts and 
the north of Shanxi structural belts. (3) The fractures 
within the region can be divided into three groups, 
including NE-NNE, NWW-NE and NEE-EW strikings 
located at different tectonic positions. (4) Most of the 
fractures within the region controlled the development 
of the fault basin in Quaternary, and the sections of the 
fractures were always in a shape of spade [14]. 
Stretching over a long distance, the Zhangjiakou 
fault passes right through Zhangjiakou, and affects a 
large-scale area. The importance of monitoring the 
fault slip in this region is difficult to be overstated 
because once the fault slip starts quickly, it can cause 
serious damages to the whole Zhangjiakou. To 
guarantee the safety of Zhangjiakou, the fault activity 
remote real-time monitoring system should be 
established and implemented. Accordingly, it is typical 
and meaningful to monitor the Zhangjiakou fault.  
7.2 The design of monitoring point distribution 
A thorough investigation on local fault structures 
results in the selection of two suitable sites for 
monitoring potential active tectonic movements in the 
Zhangjiakou fault.  
The following influence factors must be considered: 
topographic and physiognomic features, lithology, 
geological structure, and monitoring precision during 
design of monitoring point distribution. To monitor the 
active faults in Zhangjiakou, two monitoring points 
along the Zhangjiakou fault, which were located in 
Pingmenwai and Donghuanlu, respectively, were 
designed based on the distribution of important 
monitoring region and the monitoring precision. The 
two monitoring points, named “Zhangjiakou-1” and 
“Zhangjiakou-2”, respectively, were about 2 km away 
from each other. 
The parameters of the two monitoring points are 
shown in Table 1. 
 
Table 1 Parameters of the two monitoring points. 
Monitoring  
point 
Communication cable Prestress 
(kN) 
Ultimate  
load (kN) Length (m) Angle () 
Zhangjiakou-1 45 25 120 1 800 
Zhangjiakou-2 45 30 180 1 800 
 
7.3 Results and discussions 
The monitoring equipments were installed on July 
10, 2009, and a great mass of monitoring data were 
collected in the later 6 months in 2009. That made it 
possible to analyze deformation feature and to forecast 
earthquake. On the basis of the change in shear 
strength obtained, it quantitatively indicates that the 
Zhangjiakou fault is in a stable state.  
Experimental and in-situ data of displacement and 
shear strength are similar in shape but differ in orders 
of magnitude. Because each type of change in shear 
strength is usually associated with different physical 
processes, the seismic monitoring can be a powerful 
tool for earthquake forecast, especially when 
combining the geological conditions and ground 
deformation monitoring. Wang et al. [15] collected and 
analyzed the time-history records of characteristics 
reflecting earthquake obtained from various forms of 
monitoring devices such as water pipes inclinometer, 
extensometer and bulk strain instrument. It is 
suggested that the strain changes in fault, involving 
bulk strain and linear strain, were dominantly 
represented during the occurrence of earthquake with 
M > 4.0 in North China. When the magnitude of 
anomaly intensity of fault deformation is obviously 
larger than the threshold value, some moderate or 
strong earthquakes generally occur in the related 
tectonic zone. In 1998, an earthquake with ML = 6.2 
occurred in Zhangbei region, adjacent to Zhangjiakou, 
which showed that the anomaly intensity of fault 
deformation was correspondingly enhanced [16]. 
Figure 13 shows the sections and monitoring curves 
of the two monitoring points, displaying that the fault 
plane stress is stable and the resistance force applied 
on the fault plane can maintain its balance. By  
Zhangjiakou fault Urban district 
Monitoring point 
0     2 km
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(a) Zhangjiakou-1. 
 
 
 
 
 
 
 
 
 
  
(b) Zhangjiakou-2. 
Fig.13 Sections and monitoring curves of the two monitoring 
points. 
 
analyzing two monitoring curves and monitoring data 
(Fig.13), we can conclude that, in a global sense, the 
shear strength on the fault plane is steady, balanced 
and unchanged, with variation within a small range. 
Taking the laboratory experiment and the field 
observation into consideration, it can be inferred that 
there is no accumulation of energy in the fault, which 
means that the Zhangjiakou fault is stable (Fig.4), and 
there is no seismic activity in the near future. 
It is interesting that we have successfully forecasted 
the landslides by using this remote monitoring system. 
The system has been established and implemented in 9 
places and 108 points. Each time before the actual 
accident happened, the monitoring curves managed to 
present unstable precursor around one month in 
advance, and thus minimized economic damage and 
avoided loss of life to a large extent [17]. 
 
8  Conclusions 
 
(1) A new monitoring system called advanced early- 
waning monitoring system for fault activity based on 
monitoring principle of shear strength is designed, 
which provides a new method for earthquake early- 
warning prediction. 
(2) In the system of earthquake forecast, the 
mechanical parameters, which belong to the natural 
mechanical system, are immeasurable. However, by 
inserting the new system into the artificial mechanical 
system, we can translate the immeasurable mechanical 
system into a measurable one. Since the parameters in 
the artificial mechanical system can be measured 
directly, the parameters can be obtained by the system 
of earthquake forecast using the functional 
relationship. 
(3) On the basis of the theory that the shear strength 
on the fault plane greater than the resistance force is 
the necessary and sufficient condition for the 
occurrence of earthquake, the principle and method for 
fault activity remote real-time monitoring are 
presented. 
(4) The system, which has already been recognized 
as an effective tool for remote monitoring, has 
following advantages specifically: ①  real-time 
monitoring; ② remote intelligent transmission; and 
③  active faults early-warning. Continuous data 
provided by this system create a better understanding 
of the behavior of active faults, which is very valuable 
for early-warning of earthquakes. 
 
References 
 
[1] Geller R J, Jackson D D, Kagan Y Y, et al. Earthquakes cannot be 
predicted. Science, 1996, 275 (5 306): 1 616. 
[2] Cyranoski D. A seismic shift in thinking. Nature, 2004, 431 (7 012):   
210 
 
① Zhangjiakou fault 
② Anchorage pier 
③ Data sensing-acquisition- 
   transmission system Volcanic  rocks  ①
②  
Attitude: 31060 
 
③ 
Quaternary clay 
 
 
① Zhangjiakou fault 
② Anchorage pier 
③ Data sensing-acquisition- 
   transmission system 
210 
 
Quaternary clay 
Volcanic 
rocks 
Attitude: 31060 
①  
②
 
③  
 
 
 
Manchao He et al. / Journal of Rock Mechanics and Geotechnical Engineering. 2010, 2 (3): 223–231                                              231 
 
1 032–1 034. 
[3] He Shengli. Application of macroscopic anomaly to imminent 
earthquake prediction. Science and Technology of West China, 2008, 7 
(5): 4–5 (in Chinese). 
[4] Yang Mingbo, Kang Yuehu, Zhang Qing, et al. Tendencious fall of 
groundwater table in Beijing region and recognition of earthquake 
precursor information. Acta Seismologica Sinica, 2009, 31 (3): 
282–289, 356 (in Chinese). 
[5] Wyss M. Why is earthquake prediction research not progressing faster? 
Tectonophysics, 2001, 338 (3/4): 217–223. 
[6] Maniatis G, Lempp Ch, Heinisch H. 3D strain monitoring of onshore 
active faults at the eastern end of the Gulf of Corinth (Greece). Journal 
of Geodynamics, 2003, 36 (1/2): 95–102. 
[7] Zhang L, Wu J C, Ge L L, et al. Determining fault slip distribution of 
the Chi-Chi Taiwan earthquake with GPS and InSAR data using 
triangular dislocation elements. Journal of Geodynamics, 2008, 45 
(4/5): 163–168. 
[8] Lu Q Q, Ding J H, Cui C Y, et al. Satellite thermal infrared anomaly 
before the Zhangbei Earthquake MS = 6.2. Earthquake, 1998, 18 (3): 
240–244 (in Chinese). 
[9] Zhang Guomin, Yin Jingyuan. Developments and prospects of 
earthquake prediction study. Journal of Disaster Prevention and  
Mitigation Engineering, 2003, 23 (4): 83–90 (in Chinese). 
[10] Geller R J. Earthquake prediction: a critical review. Geophysical  
Journal International, 1997, 131 (3): 425–450. 
 
[11] Zhang Yong, Feng Wanpeng, Xu Lisheng, et al. Spatio-temporal 
rupture process of the 2008 great Wenchuan earthquake. Science in 
China (Series D: Earth Sciences), 2009, 52 (2): 145–154. 
[12] He Manchao. Disaster mechanism of deep-seated coal mine and the 
advances in monitoring research. Coal Science and Technology 
Magazine, 2007, (1): 1–5 (in Chinese). 
[13] Wang Shuren, He Manchao, Jin Yongjun. Anchoring mechanism of 
prestressed anchor cables under concentrated tension and dispersive 
pressure. Journal of University of Science and Technology Beijing, 
2005, 27 (3): 278–282 (in Chinese). 
[14] You Huichuan, Shao Cuiru, Yang Qiyan, et al. Some active evidences 
in late Quaternary of Zhangjiakou fault. Technology for Earthquake 
Disaster Prevention, 2008, 3 (4): 474–477 (in Chinese). 
[15] Wang Yuefeng, Zhang Xiuping, Wang Ruifeng, et al. Application of 
digital observation data of deformation of Zhangjiakou and Huailai 
seismic stations of Hebei Province. Earthquake Research in Shanxi, 
2007, 7 (3): 11–15 (in Chinese). 
[16] Guo Liangqian. Anomaly intensity of fault deformation and 
earthquakes in North China. Journal of Catastrophology, 2008, 23 (4): 
11–16 (in Chinese). 
[17] He Manchao. Real-time remote monitoring and forecasting system for 
geological disasters of landslides and its engineering application. 
Chinese Journal of Rock Mechanics and Engineering, 2009, 28 (6):   
1 081–1 090 (in Chinese). 
 
 
